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2 have revealed, however, that the transfer of energy between a gas and a solid depends markedly upon the incident angle at which the gas atom strikes the surface, the gas velocity, surface roughness, and the atomic nature of the solid. It has thus becane neces-S'l.ry to use di:r;-ected atomic and molecular beams of well defined velocity and single crystal surfaces to probe the detailed mechanisms of various e:·1s-solid interaction processes.
Theoretical investigations 3 -5 have shown that the angular distribution of the scattered gas beam and products may be used to determine (a) the ~artition of the interaction energy among translational, vibrational, end rotational modes, (b) the surface residence time, and (c) the reaciion probability as a function of surface and gas temperatures.
'I'o date, only a few of these determinations have been ce..,.rie(l oPt.
f nd reported in the lit·erature.
6
Recent reviews by Srriith and Saltsburg t nd Stickney 7 discuss rare gas scattering from several surfaces, but the · t cattering of reactive .gases has received much less attention. Also despite the recent use of singie crystal targets, too little emphasis has been pla.ced upon the attainment of well defined surface conditions. Detailed ... The purpose of this paper is to describe an :1ppar-atus constructec specifically to study gas-solid interactions under nearly "ideal" conditions, i.e. in ultra high vacuum using atomic beams and single crystal surfaces combined with low energy electron diffraction, and tlen to demonstrate the type of experimental data that may be obtained by presenting the results of representative experimental studies vrith at,)mic and molecular beams of different reactive and non-reactive gases.
II. APPARATUS DESCRIPI'ION
A schematic diagram of the major components of the apparatus is shown in Fig. l In order to study molecular beam scattering from a surface in an ultra high vacuum ambient, differential pumping techniq1es must be used to avoid flooding the scatte:ring chamber with non-direc ':.ional gas molecules effusing through the collimating orifice. EvenS), vigorous pumping of the scattering chamber is necessary to keep the imbient as gas free as possible. Ideally the pump should be located directly opposite the beam source so that the beam molecules pass directly into the pump unless scattered by the target surface. For this work, a 500 liter/second vacuum ionization pump (Varian Noble Vacion) was chaser. The large speed i~~ desirable because, even for such "noble gas" pumps, the pumping speed falls to roughly 3afo of the maximum rate observed for H 2 when one pumps He or Ar. A bakeable gate valve connects the pump to the UHV scattering chamber. This permits the pump to be isolated and left in operation when the main chamber is opened to change the sample, thus facilitating later pump-down. Figure 3 shows a typical mass spectrum of the residual gas background in the isolated scattering chamber (i.e. no parent beam present).
The most prevalent background gases are hydrogen, water, and carbon monoxide.
Before, during, or after scattering by the molecular beam, the surface may be studied by low energy electron diffraction. The LEED optics are located perpendicular to both the beam line and the ~ylindrical ., axis of scattering chamber (Fig. 2) . Back diffracted low energy electrons LEED can also be used to identify the presence of cc.ntaminant surface structures. As we show later, the beam scattering properties of .. ,,.
-9-noncondensable gas. The capillary array is held between gold 0-rings in a stainless steel oven that can be h~ated to 650°K and cooled to '77°K.
A detailed description of this oven (shown in Fig. 5 ) .
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These sources have been used by other authors for molecular and their characteristics have been fully investigated. 15
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The source chamber is separated from the selector by a collimating orifice having the same dimensions (0.8 mm by 4.8 mm) as the beam source.
It is pumped by a diffusion pump which is identical to that used to pump the selector chamber. To handle the large gas load during operation of the beam, both pumps are backed by a rotary blower (Rcotes model RS 120).
Ih order to insure that the crystal, gate valve collimator, and oven collimator were all collinear, a laser beam was used to align the last slit (oven collimator) with the first two positions. The main body of the oven chamber was then welded in place to the tube in which the oven resides. The laser beam can also be used to optically determine the angle of the mass spectrometer detector and the crystal surface with respect to path of the incident molecular team. •'
In Fig. 6 , we show the angular profile of an unscattered helium be:m '1.:' measured both upstream and downstream from the target loc<:.U.ons to incilcate the divergence of the beam as it crosses the scattering chamber. Previous studies of the (100) face of platinum by low energy electron .. axes due to surface domains rotated 90 to one another, The sc3.ttering pattern of a helium beam from this clean surface is shown in Fig. 7b . . .
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